Objective: To investigate the relations between lifestyle factors (diet and exercise), glycated haemoglobin (HbA 1c ) and body mass index (BMI) in older adults with diabetes. Design and setting: A community hospital-based cross-sectional study of 150 noninstitutionalized, ambulatory adults (Z65 y) with diabetes, residing within New Zealand's Kapiti region. Subjects: Patients were recruited from all general practices; two diabetes clinics; local diabetes society and through advertisements in community newspapers. A total of 211 eligible people were identified, but 60 refused to participate and one withdrew. In all, 150 people completed the study (71% participation rate). Methods: Nutrient intakes were calculated by a food-frequency questionnaire. Physical activity was assessed by interview using a validated questionnaire. Medical history and demographic data were obtained by interview or self-completed questionnaires; height, weight and HbA 1c were measured. Multivariate models using bootstrapping and stepwise linear regression were used to select factors associated with HbA 1c and BMI. Results: Each five-unit increase in energy from dietary saturated fat and five-unit increase in BMI were associated with 6% (95% confidence interval ¼ 2-10%; P ¼ 0.004) and 4% (0.3-7%; P ¼ 0.031) increases in HbA 1c , respectively. For females with moderate, compared with low overall activity, there was a 14% (7-20%; P ¼ 0.000) reduction in BMI while for males the reduction was only 5% (À1-11%; P ¼ 0.116). BMI decreased 5% (2-9%; P ¼ 0.004) with each 10-y increase in age, while a fiveunit increment in energy from dietary sucrose was associated with a 6% (1-11%; P ¼ 0.025) increase in BMI. Conclusions: Reducing dietary saturated fat and excess body weight may be useful means of improving glycaemic control in older adults with diabetes. Increasing physical activity and reducing energy from dietary sucrose may assist weight control, the former particularly in women.
Introduction
A progressive increase in the prevalence of diabetes mellitus with age is an almost universal finding (Dornan, 1994) . Population ageing, a worldwide phenomenon shared by New Zealand (Horwath, 1992) , is likely to contribute to an increase in the number of older adults diagnosed with Type 2 diabetes. The Saint Vincent Declaration Report (Krans et al, 1992) recognized older people as having special needs and requiring improvements in every aspect of diabetes management, including education and research.
Diet and exercise are given particular emphasis in the management of diabetes in older patients, since the risk of hypoglycaemia associated with pharmacological interventions does not occur with lifestyle modification (Lunt, 1997) . Nevertheless, lifestyle intervention in older patients has received limited attention (Glasgow et al, 1992; AgursCollins et al, 1997) , and very few surveys of nutrition (Horwath & Worsley, 1991; Horwath et al, 1995; Arnold et al, 1996) and exercise habits (Hays and Clark, 1999; Searle and Ready, 1991) have been undertaken in older people with diabetes.
Lifestyle factors, as contributors to glucose intolerance and insulin resistance in people aged 65 y and over, were investigated in the Zutphen Elderly Study (Feskens et al, 1994) and in the Normative Aging Study (Parker et al, 1993) . Both studies found a positive relation between surrogate measures of insulin resistance and dietary saturated fat intake and an inverse association with increasing physical activity. No comparable data are available for older people with diabetes, but, conceivably, lifestyle factors related to the development of insulin resistance and glucose intolerance might also be associated with glycaemic control, once diabetes is established in this age group. Cross-sectional surveys that examine the relation between lifestyle factors and longer-term glycaemic control in middle-aged people with diabetes, are also scarce (Bell et al, 1995) .
There do not appear to be data on the relation between lifestyle factors and body mass index (BMI) in older adults with diabetes, although a number of cross-sectional studies have been undertaken in younger adults in the general population (Bolton-Smith & Woodward, 1994; Gibson, 1996; Lahti-Koski et al, 2002) . The determinants of obesity have proven to be multifactorial but inconsistent (Lahti-Koski et al, 2002) and people following special diets have usually been excluded from such studies.
The aims of the present study were to determine the lifestyle factors associated with glycaemic control (measured by HbA 1c ) and BMI in older adults with diabetes.
Research design and methods

Subject recruitment
This community-based survey aimed to identify all noninstitutionalized, ambulatory, independent older adults with diabetes in the Kapiti region of New Zealand's North Island. Patients were recruited from all general practices; the two diabetes clinics; the local diabetes society and through advertisements in community newspapers. The latter method aimed to recruit subjects likely to have been missed, for example, those with general practitioners outside the Kapiti region. All men and women aged Z65 y with a diagnosis (for at least 1 y) of Type I or Type II diabetes, who were considered suitable by their general practitioner and who were independent of the hospital-based 'Meals on Wheels' service, were eligible. Interviews and measurements took place at the local hospital.
Interview Participants were interviewed regarding their level of overall physical activity (including household, recreational and occupational) over the past 4 weeks, using a reliable (Hopkins et al, 1991c) questionnaire, previously validated against objective physiological measurements (Hopkins et al, 1991a) . Three levels of overall activity were devised (Hopkins et al, 1991b ):
* high: participation in high-intensity activity (eg fitness classes, jogging) on more than two occasions per week for one or more hours * moderate: failed inclusion in the high group but reported at least 21 h/week of medium-to-low intensity activity (eg housework, gardening, bowling, golf) * low: failed inclusion in either of the former two categories.
Medical history and demographic data were obtained either by interview or self-completion, using closed response questionnaires. Socioeconomic status was based on the usual occupation prior to retirement of both participant and spouse (where applicable). Responses were ranked on a sixpoint scale using New Zealand tables (Johnston, 1983) .
Dietary assessment
Dietary data were obtained using a semiquantitative foodfrequency questionnaire (FFQ), which was a modified version of a questionnaire previously validated for use an older New Zealand population (Horwath, 1993) . The food list was expanded to include fat-and sucrose-modified products, relevant to a population with diabetes. The validity of the modified questionnaire was assessed using 3-day estimated food records kept by one-third of the participants. There were no significant differences in the group mean intakes (absolute and energy adjusted) of either saturated fat or sucrose estimated by the two methods. In comparison with the diet records, the FFQ classified to within one quartile, 90% of energy adjusted saturated fat intakes and 85% of energy adjusted sucrose intakes, with no gross misclassification into extreme quartiles. Using the New Zealand nutritional recommendations for diabetes (New Zealand Dietetic Association, 1997), the FFQ classified subjects adhering to the saturated fat recommendations with 83% sensitivity and the sucrose recommendations with 97% sensitivity. For both saturated fat and sucrose, sensitivity was defined as the proportion of those with daily energyadjusted intakes of 10% or less on the basis of the 3-day record who also fell within this limit on the FFQ.
Laboratory and anthropometric measurements
A nonfasting whole-blood sample was used for the determination of glycated haemoglobin (HbA 1c ) using the BioRad Diamat System based on ion-exchange, high-performance liquid chromatography (normal reference range 4.8-6.4%) (Davis et al, 1978) . Height and weight were measured after the removal of shoes and outdoor clothing. BMI was calculated in terms of weight (kg)/height (m 2 ).
Statistical analyses
Statistical analyses were performed using SPSS (ver. 10.0) and Stata (ver.6.0). Independent t-tests and one-way analysis of variance were used to compare factor level means for BMI and HbA 1c. Relations between categorical variables were examined using w 2 analysis and between continuous variables using Pearson's product moment correlation. Two-factor analysis of variance was used to investigate whether selected nutrient intakes differed between subjects according to tertiles of glycaemic control and gender. Multiple comparisons examining pairwise differences were carried out with the Bonferroni procedure. Similar analyses examined whether mean BMI levels differed between subjects according to tertiles of selected dietary variables and gender. Since the distribution of BMI was skewed, the data were natural log transformed for all analyses. For interpretation, mean estimates of factor levels and differences between them on the log scale were back transformed to provide geometric means and ratios of geometric means respectively.
A combination of bootstrapping and stepwise linear regression analyses was used to examine the effect of factors on BMI and HbA 1c. The initial set of factors included variables that in univariate analyses with the outcome had a P-value of o0.2, or variables that had previously been shown to be associated with the outcome. For BMI, these included: gender, age, total energy, per cent energy from sucrose, per cent energy from alcohol, fibre density, socioeconomic status, overall physical activity, insulin treatment and interactions between gender and age, and between gender and overall physical activity. For HbA 1c , these included: gender, age, per cent energy from saturated fat, per cent energy from alcohol, fibre density, BMI, socioeconomic status, insulin treatment, living arrangement, overall physical activity and interactions between gender and age, and between gender and living arrangement. Then, 1000 bootstrapped data sets were created, using simple random sampling with replacement, and backward stepwise regression was carried out on each of these data sets. Those factors selected in at least 50% of the regressions were included in the final models (Altman & Andersen, 1989) . Gender and age were retained in all models on biological grounds. The natural log transformation was used to normalize HbA 1c and BMI. The exponential of the beta coefficients from regression analysis with log-transformed outcome data provides comparisons between levels of factor variables on a ratio scale.
For BMI, the interaction effect for gender and overall physical activity was selected for inclusion in the final model. The model was parameterized in two ways so that the ratio of BMI in the medium versus low activity groups could be compared within gender.
Model assumptions were tested using standard diagnostic plots.
Ethical approval
The Wellington Regional Health Authority's Ethics Committee provided ethical approval. All subjects gave informed written consent prior to participation.
Results
A total of 211 eligible people were identified, 60 refused to participate and one withdrew part way through the study because of ill health. Only two eligible people were recruited via newspaper advertisements. In all, 150 people completed the study; the final participation rate from those identified was 71%. Comparison of participants with nonparticipants was not possible because of limitations imposed by the New Zealand Privacy Act, 1993. All but two participants were European and 66% were classified as being of a higher socioeconomic status (rankings 1-3 on the scale). Only six of the 32 subjects treated with insulin required this therapy at the time of diagnosis, or shortly afterwards. Longer duration of diabetes (greater than 10 y) was associated with insulin use (Po0.0001).
The sample's clinical and demographic characteristics are presented in Table 1 No participants were classified as having high overall physical activity and although walking was the most popular form of exercise, only 7% of the sample reported walking for at least an hour daily. The mean HbA 1c was higher in the moderate, compared with the low, overall physical activity group, but the observed difference was reduced owing to confounding by BMI. The mean BMI in the low overall physical activity group was much higher than in the moderate group, thus increasing the mean HbA 1c of the former.
Only 39% of the sample met the New Zealand Dietetic Association's (1997) recommendation to limit saturated fat to less than 10% of energy, with proportionally more women meeting this criterion than men, although the difference was not significant. The majority of the sample (93%) met the New Zealand Dietetic Association's (1997) recommendation to limit dietary sucrose to less than 10% of energy.
No association was found in univariate analysis (P40.2) between the outcome variable HbA 1c and the following dietary variables: energy and percentage of energy from monounsaturated fat, polyunsaturated fat, total carbohydrate, sucrose, protein and energy-adjusted vitamin C intake. For the outcome variable BMI, no association was found in univariate analysis (P40.2) with the following dietary variables: per cent of energy from monounsaturated fat, polyunsaturated fat, saturated fat, total fat, total carbohydrate and protein.
Adjusting for gender, increasing intakes of saturated and total fat were both associated with an increase in HbA 1c (see Table 2 ). For saturated fat, the DE between the lowest and highest glycated haemoglobin tertiles was 2.0% (95% CI ¼ 0.4-3.6%; P ¼ 0.009), while for total fat this estimate was 2.6% (95% CI ¼ 0.2-5.0%; P ¼ 0.026). Also for total fat, the DE between the lowest and middle glycated haemoglobin tertiles was 2.5% (95% CI ¼ 0.1-4.8%; P ¼ 0.038). Female subjects had significantly lower intakes of saturated fat (DE ¼ À1.7%; 95% CI ¼ À2.7 to À0.6%; P ¼ 0.002) and total fat (DE ¼ À2.4%; 95% CI ¼ À4.0 to À0.8%; P ¼ 0.003) compared with males. The bars above the estimated marginal means indicate that no significant difference exists. For example, a significant difference was not detected in saturated fat intake between the lowest and middle tertiles of glycated haemoglobin, nor the middle and highest tertiles, but a difference was found between the lowest and highest tertiles. Lifestyle factors and diabetes control in older adults WK Grylls et al Table 3 displays results of the multivariate analysis for HbA 1c. All variables selected for the final model are shown in the table. Treatment was found to be the factor most strongly associated with deteriorating glycaemic control, with those in the insulin, compared with the noninsulin-treated group having a 10% increase in HbA 1c. Participants in the moderate, compared with the low, overall activity group had a 7% increase in HbA 1c . Each five-unit increase in energy from dietary saturated fat and five-unit increase in BMI were associated with 6 and 4% increases in HbA 1c , respectively.
Adjusting for gender, the positive association between sucrose tertiles and BMI found in univariate analysis (P ¼ 0.032) was no longer significant; however, decreasing energy intake was associated with an increase in BMI (see Table 4 ). A 10% (95% CI ¼ 2-17%; P ¼ 0.014) decrease in BMI was found between the highest and lowest tertiles of energy intake, while a decrease of 8% (95% CI ¼ 0.3-14%; P ¼ 0.037) was found between the middle and lowest tertiles. Table 5 displays results of the multivariate analysis for BMI. All variables selected for the final model are shown in the table. Overall physical activity level was the factor most strongly associated with BMI, with this effect being dependent on gender. For female subjects with moderate, compared with low, overall physical activity, there was a 14% reduction in BMI, while this decrease was only 5% for males. Each 10-y increase in age and each 1 MJ increase in dietary energy were associated with 5 and 2% decreases in BMI respectively. A five-unit increase in energy from dietary sucrose was associated with a 6% increase in BMI.
Discussion
Potential demographic, treatment and lifestyle factors associated with glycaemic control (HbA 1c ) and BMI were explored in a well-controlled sample of older adults, the large majority of whom had Type II diabetes. The model developed for HbA 1c accounted for only a small proportion of the variation (12%), while that developed for BMI accounted for over a quarter (26%) of the variation. Dietary variables and physical activity emerged as modest but significant factors.
To the authors' knowledge, this is the first study of this type undertaken specifically in older adults with diabetes. Consequently, comparisons with other studies are limited to the few relevant intervention studies in older adults with diabetes and cross-sectional studies in younger adults with diabetes or older nondiabetic subjects.
Although the response rate was relatively high, results cannot be extrapolated to the general New Zealand population of older adults with diabetes because the sample was drawn from an area of higher socioeconomic status with lower numbers of Maori, compared to the country as a whole. Furthermore, the possibility of respondent bias cannot be excluded. The moderately small sample size further limits the extent to which results can be generalized. The cross-sectional design is a major limitation as it precludes causal inferences. The direction of causality is unclear because it is plausible that an awareness of the degree of glycaemic control and body fatness influences diet and physical activity rather than vice versa.
A major advantage of this study was the use of a validated FFQ specially designed for use in a population of older New Zealand adults with diabetes and which performed well for the main nutrients of interest. A method that examines longer-term, usual dietary intake was also most appropriate for investigating relations with HbA 1c , a long-term measure of glycaemic control. The physical activity questionnaire, previously validated against objective physiological measurements, also estimated longer-term activity levels.
Multivariate model developed for HbA 1c
The relatively low proportion of variation in HbA 1c, explained by the model suggests that lifestyle measures may have only a small effect in achieving glycaemic control in older adults with diabetes. However, the relatively homogeneous sample with very few poorly controlled participants may contribute to this finding. Measurement error, associated with an indirect method of estimating dietary intake, may also reduce the strength of any associations, because dietary imprecision generally leads to statistical associations, which are biased towards the null (Liu, 1988) . Not surprisingly, treatment with insulin was the strongest factor associated with deteriorating glycaemic control. This is most likely due to poorly controlled patients being prescribed insulin.
The relation between increasing saturated fat intake and deteriorating glycaemic control observed in this study is consistent with mounting evidence that saturated fat adversely affects insulin sensitivity (Lichtenstein & Schwab, 2000) . Measurement error may have resulted in an underestimate of the true magnitude of the association. This is the first time a positive association of energy adjusted saturated fat intake with HbA 1c has been reported in an elderly population with diabetes, although such a relation has been observed in nondiabetic populations (Boeing et al, 2000; Harding et al, 2001 ) and in African-American women (mean age 58 y) with Type II diabetes (Bell et al, 1995) .
The positive association of BMI with HbA 1c found in the multivariate model is supported by the literature on Caucasian patients with Type II diabetes (Viikari et al, 1987) . Although the mean BMI in the present study fell within the recommended range of 20-29 kg/m 2 for older adults (New Zealand Nutrition Taskforce, 1991) , such age adjustments may not be appropriate for older people with diabetes, for whom a lower BMI may be more applicable (Kannel et al, 1986) . The increase in HbA 1c associated with moderate compared with low, overall physical activity in the multivariate model is inconsistent with the literature (American Diabetes Association, 2000) and inexplicable. The few intervention studies undertaken in older diabetic adults have reported conflicting results. Ligtenberg et al (1997) found no significant differences in HbA 1c between training and control groups after 12 weeks of physical training, while Raz et al (1994) observed a significant reduction in slightly younger patients following a similar programme of the same duration. In our study, no participants were classified as having high overall physical activity and very few were walking long or frequently enough to favourably influence HbA 1c (Yeater The effect of overall activity on BMI was found to be different for male and female subjects (interaction effect); therefore, ratios of the geometric mean of BMI for medium versus low activity are displayed separately for male and female subjects.
et al, 1990; Walker et al, 1999) . These results might account for no observed association between increasing physical activity and HbA 1c , but not for a positive association.
Misclassification of participants appears an unlikely explanation since the observed inverse relation between overall activity and BMI is supported by the literature.
Multivariate model developed for BMI Our finding of an inverse relation between increasing physical activity and BMI is well supported by the literature (Trichopoulo et al, 2000) . The stronger association of low physical activity with BMI in women, compared with men, has no apparent biological explanation, although similar gender differences have also been observed in two large, general population surveys (Eck et al, 1992; Rabkin et al, 1997) .
In accordance with most studies in younger and middleaged people (Ballard-Barbash et al, 1996; Heerstrass et al, 1998) , we observed an inverse association between BMI and energy intake. Possible explanations include greater underreporting of energy intake Goldberg et al, 1991) and greater likelihood of dieting and lower food intake associated with physical inactivity (Willett & Stampfer, 1986; Romieu et al, 1988) in overweight compared with normal weight individuals. Possible under-reporters of energy intake were not excluded from the analyses because the meaning of energy intake computed from FFQs is less clear than with other more quantitative methods (Willett & Stampfer, 1986) . Also, when the proportion of energy supplied by various macronutrients is the primary interest, the inclusion or exclusion of under-reporters of energy intake has little effect on the results .
Sucrose intake remained positively associated with BMI in the final model, where it was included as a more powerful continuous variable and was adjusted for more potential confounders. Sucrose intake has been implicated in the aetiology of visceral fat accumulation (Matsuzawa et al, 1995) and as a determinant of obesity in patients with bipolar disorder (Elmslie et al, 2001 .) However, our study's finding of a lack of association of dietary fat and positive association of dietary sucrose with BMI is inconsistent with other research in this area (Hill & Prentice, 1995) . Nevertheless, these studies have generally been undertaken in nondiabetic subjects and none has specifically investigated people with diabetes, in whom there are abnormalities in both carbohydrate and lipid metabolism. In addition, such research often excludes people on slimming or special diets (Bolton-Smith & Woodward, 1994) .
Participants with higher sucrose intakes, despite advice to restrict this nutrient, may have dietary or other lifestyle behaviours that can contribute to overweight or obesity. However, no associations were found in univariate analysis to support this hypothesis. Although sucrose was adjusted for other confounding variables in the multivariate model, it is conceivable that measurement error, associated with possible under-reporting of dietary energy in the obese, has led to residual confounding.
The inverse association of BMI with advancing age has previously been reported (Gilden et al, 1989) , as has the inverse association with higher socioeconomic status (Connolly and Kesson, 1996; Unwin et al, 1996) .
Conclusion
Reducing dietary saturated fat and excess body weight may be a useful means of improving glycaemic control in older adults with diabetes. Increasing physical activity and reducing energy from dietary sucrose may assist weight control, the former particularly in women. These conclusions are cautionary and the study findings need to be confirmed in a large prospective study of older adults with diabetes.
